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(54) RLTER 



(57) A dielectric waveguide tube band-pass filter as- 
suming lower characteristic change upon mounting, and 
having smaller dimensions and lower loss. Conductor 
layers (2a, 2c) are formed on the top and bottom surfac- 
es of a dielectric substrate (1), wherein the top conduc- 
tor layer 2a and the bottom conductor layer 2c are con- 
nected together through via-holes (3a). The via-holes 
(3a) are formed in at least two rows along the signal 
transfer direction. In the dielectric waveguide tube con- 
figured by the top and bottom conductor layers (2a, 2c) 



Fig.lA 
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and the via-holes (3a), via-holes (3b) are arranged in 
the signal transfer direction at spacing equal to or below 
1/2 of the in-tube wavelength to thereby configure res- 
onators. The dielectric band-pass filter is configured by 
coupling adjacent resonators together through the via- 
holes (3b) configuring inductive windows. On the sur- 
face of the dielectric substrate (1), a co-planar line (4) 
including the conductor layer (2) as the ground and the 
conductor layer (2b) as a signal conductor is configured 
so as to overstride the inductive windows configured by 
the via-holes (3a). 
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Description 
TECHNICAL FIELD 

. [0001] The present invention relates to a filter having 
a dielectric waveguide tube structure for use as a high- 
frequency component. 

TECHNICAL BACKGROUND 

[0002] Conventional filters used in a high-frequency 
range include a filter using a 1/4-wavelength or 
1/2-wavelength resonatorincluding micro-strip orcopla- 
riar line, which is a planar filter expected to have smaller 
dimensions. 

[0003]. Waveguide tube filters which can be expected 
to have a lower loss include a dielectric waveguide tube 
filter, which is smaller in dimensions compared to a rec- 
tangular waveguide tubs. In the dielectric waveguide 
tube filter described - in . Patent Publication JP-A- 
11-284409, for example, and shown in Fig. 11, the 
waveguide tube is configured by forming conductor lay- 
ers 2a and 2c on the top and bottom surfaces of a die- 
lectric substrate, the top conductor layer 2a and the bot- 
tom conductor layer 2c are connected together through 
via-hole arrays 3a, which are formed so that a spacing 
Ip along the signal transfer direction is equal to or less 
than 1/2 of the in-tube wavelength. In addition, via-holes 
3b constituting the inductive windows are formed in the 
waveguide tube thus configured so that the spacinges 
(11, 12, 13 and 14) are equal to or less than i/2 of the 
in-tube wavelength, thereby realizing a fitter. 
[0004] However, in the planar filter, since the electro- 
magnetic wave is concentrated in a narrow area, the 
loss thereof increases due to the conductor loss or die- 
lectric loss. In addition, since the electromagnetic wave 
expands outside the dielectric substrate constituting the 
planar filter, there is a problem in that the filter charac- 
teristic is changed due to the. influence by a package 
when it is mounted on the package. 
[0005] Further, as for the dielectric waveguide tube f ji- 
tter described in- JP-A-11 ^284409, if- a filter having- a- 
steep out-of-band suppression characteristic is to be 
achieved therefrom, the filter will have a larger number 
of stages and thus larger dimensions. Thus, there also 
arises a problem in that designed characteristics cannot 
be achieved due to limited manufacturing accuracy.. .. 



of a waveguide tube and inductive windows are config-. 
ured by conductors connecting the top conductor layer 
and the bottom conductor layer together, characterized 
in that: a planar line is configured on the surface of at 

s least one of the top conductor layer and the bottom con- 
• ductor layer. 
[0007] jn the filter of the present invention, it is pref- 
erable that at least two via-hole arrays be formed where- 
in via-holes connecting together the top conductor layer 

io and the bottom conductor layer disposed on the surfac- 
es of the dielectric substrate are arranged in rows along 
the signal transfer direction at a spacing equal to or be- 
low 1/2 of the in-tube wavelength in the desired band, 
and the inductive windows coupling together the reso- 

is nators formed by the area surrounded by the via-hole 
arrays, top conductor layer and the bottom conductor 
layer be configured by the via-holes. 
[0008] In addition, it is preferable that the planar line 
formed on the top conductor layer or the bottom con- 

20 . ductor layer overstride at least one of the windows, 
thereby configuring a transmission path. 
[0009] It is also preferable that a planar line formed 
on the dielectric substrate constitute a coplanar line in- 
cluding two combined slots formed along the transfer 

25 direction of the signal transferring within the waveguide 
tube. 

[0010] It is preferable that the ground conductors on 
both sides of the signal .conductor constituting the co- 
planar line be connected together via a conductor piece. 
30 [0011]. It is preferable that the conductors disposed on 
both sides ofthe slots constitutingthe planar line be con- 
nected together via a conductor piece for adjusting the - 
filter. 

[0012] It is preferable that at least one of both sides 
35 of the coplanar line be an open end, a first conductor 
piece be formed apart from the open end of the signal 
conductor, and the first conductor piece and the signal 
conductor be connected together via a second conduc- 
tor piece for adjusting the filter. 
40 [0013] It is preferable that the filter include a coplanar 
line for inputting/outputting a signal, and a coplanar 

_ -waveguide 4ube-conversio n st ru ctu r e 

[0014] It is preferablethatthe conductors constituting 
the coplanar line be connected together via a conductor 
45 piece formed on a flip-chip mounting substrate and 
bumps. 



SUMMARY OFTHE INVENTION 



^"[0006] — In " view^bl the=aboveFit-is-an-object^otthe- 
-present-invention-to provide a-filter-assuming-small* 
_charBcteristfc_chang e _uppn .^ 



"BRIEF DESCRIPTION OFTHEDRAWINGS" 



r 5iT-rp(n5r 



|.- 1 A to a top-plan-view-of-afitter-aGcording-to-a- 
_first embodiment of the present invention, and Rg.„ 



jng smaller dimensi6ns_anai6wer_loss.-l.he.present.ih- 
=ventionprovides a die|ectric wayeguide-tubeifittertiav-: 



J.BjSja sectional view ta ken alo ng line~A-A'1n~Fig. 



--jferr: 1A~ 



.ng a^ielertricrvraveguide^_€F*^c 
:_top -ronductor_layeranda bottom 



su rfaces of a dielectric sub strat e?whereta-hg^^ 
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embodiment of the present invention. 
Fig. 4 is a top plan view of a filter according to a 
■ fourth embodiment of the present invention. 
Fig. 5A is a top plan view of a filter according to a 
fifth embodiment of the present invention, and Fig. 5 
5B is a sectional view taken along line B-B' in. Fig. 
5A. 

Fig. 6A is a top plan view of a filter according to a 
sixth embodiment of the present invention, and Fig. 
6B is a sectional view taken along line C-C in Fig. 10 
BA. 

Fig. 7A is a top plan view of a filter according to a 
seventh embodiment of the present invention, and 
Fig. 7B is a sectional view taken along line D-D' in 
Fig. 7A. *5 
Fig. 8A is a top plan view of a filter according to an 
eighth embodiment of the present invention, and 
Fig. 8B is a sectional view taken along line E-E' in 
Fig. 8A. 

Fig. 9 is a sectional view of a filter according to a 20 

ninth embodiment of. the present invention. 

Fig. 1 0 is a sectional view of a filter according to a 

tenth embodiment of the present invention. 

Fig. 11 A is a top plan view of a conventional filter, 

and Fig. 1 1 B is a sectional viewtaken along line F-F 25 

in Fig. 11 B. 

Fig. 12isagraphshowingtheeffectof improvement 
in the out-of-band suppressing characteristic ob- 
tained by the coplanar line. 

Fig. 13 is a graph showing filter characteristic hav- ao 
iftg two attenuation poles in the low frequency 
' range. 

Fig. 1 4 is a graph showing filter characteristic hav- 
ing an attenuation pole in each of the low frequency 
range and the high frequency range. 35 

BEST MODES FOR THE INVENTION 

[0016] With reference to Figs. 1 A and IB, a first em- 
bodiment of the present invention will be described in *o 
detail. Conductor layers are formed on the top surface 

-and the bottom surface of a dielectric substrate such as : 

made of ceramics, wherein the top conductor layer 2a 
and the bottom conductor layer 2c are connected to- 
gether through via-holes 3a penetrating the dielectric 45 
substrate 1 . The plurality of via-holes 3a are formed at 
least in two rows along the signal.transfer direction. In 



"orderfcTtrie area surrounded by the top conciuctbr layer 
2a, bottom c onducto r layer 2c and via- holes 3 a to con- 
Tigure a waveguide tubeTna"desife?b^ 
le ithaRhespacing lp%the~via : li9^3iuuoi^tne^i^ 



"ST 



are below 1/2 of the in-tube wavelength along the signal 
transfer direction, the zone sandwiched between the 
via-holes 3b configures a resonator. In addition, by cou- 
pling the adjacent resonators through the via-hples 3b 
constituting inductive windows, a dielectric band-pass 
filter is configured. 

[0017] Further, coplanar line 4 having the conductor 
. layer 2a as a ground and the conductor layer 2b as a 
signal conductor is formed so as to overstride the induc- 
tive windows configured by the via-holes 3b. This struc- 
ture provides a subordinate transmission path having 
short-circuited ends and having a length, Icpwl , which 
is around 1/2 of the in-tube wavelength. Fig. 12 shows 
the filter characteristic in the cases of presence and ab- 
sence of the subordinate transmission path. As seen 
from Fig. 12, addition of the subordinate transmission 
path introduces an attenuation pole outside the pass 
band, whereby the out-of-band suppressing character- 
istic can be significantly improved. As a result* the 
number of stages of the fitter for achieving a desired sup- 
pressing characteristic can be reduced compared to the 
case of absence of the subordinate transmission path, 
thereby reducing the dimensions of the filter. The atten- 
uation pole may be introduced by a transmission path 
having open ends and a length, Icpwl , around 1/2 of the 
in-tube wavelength such as provided in a second em- 
bodiment of the present invention, as shown in Fig. 2, 
or a transmission path having an open end and a short- 
circuited end and a length, Icpwl , around 1/4 of the iri : 
tube wavelength such as provided in a third embodiment 
of the present invention, as shown in Fig. 3. In an alter- 
native, a plurality of the transmission paths may be pro- 
vided, as in the fourth embodiment shown in Fig. 4. Fig. 
13 shows the filter characteristic in the case where the 
coplanar line 4 has different line lengths Icpwl and 
Icpw2. As understood from Fig. 1 3, by changing the line 
lengths Icpwl and Icpw2 independently of one another, 
the attenuation poles can be controlled independently 
of each other, whereby the qut-of-band component can 
be suppressed over a wide band range. In this example, 
the attenuation pole is formed in a lower frequency 
._jange_of.the pass band; however, the attenuation pole 
may be introduced in the higherfrequency range or each 
of the lower and higher frequency ranges as shown in 
Fig. 14. ■ 

[0018] With reference to Figs. 5A and 5B, a fifth em- 
. bodirnent will be described having a configura tion- 
. wherein the filteTcffaract eristic can be adjusTedrBy con^ 
jnectingjo^ther the jy nductor layer 2a constituti ng the. 



-nal transfer direction be equal to or-below4/2 of the in— 

JuM^way^jeijgttijnjthe ^desired bandjn addjtjgn,Jnjo^___c cglana ^ 4 constitutin g the subordinate transmis- 



"grouncrqf thecoplahar fin'e'^and thec^aTjctoTByer 2b^~ 
rconstiE^piliea^ 

- wires^Vtheghort-circu it point ctthe^hort-ctfcuited^ends-- 



Jl&rJteLSSjfliPiedUyLsJppj^tte. l osrdue"ttrthe'rgdaBion ~ 
irom:tetweenztheivia-holes--3a,.tt-Js:preferabh 



Zsiort^athTarfbe^^ 



BpaSng^be equal=tb or-below 1/4^We^n5uo&Aji«ve=^=^=^us«^^te 
-ten gthrBy forming vi a-holes 3b arranged in thedielectrie 7, a gold i 
ya yeguide tubgat spacings (11 ^42^ 13^no^^which^ a°=^e 



ijchAe ; flttenuation^le-appeaf3ii3^hanged:tQadr 
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ductor layer 2b together is formed in advance during 
forming the conductor layer on the top surface of the 
dielectric substrate 1, and is removed for allowing ad- 
justment of the filter characteristic. 
[0019] With reference to Figs. 6A and 6B, a sixth em- 
bodiment will be described having another configuration 
wherein the filter characteristic.can be adjusted. A plu- 
rality of conductor pieces 8 are formed in advance at 
locations apart from the conductor layer 2b constituting 
the signal conductor. By connecting together the con- 
ductive pieces 8 and the conductor layer 2b by using 
bonding wires 7, the open point of the coplanar line 4 
having open ends and constituting the subordinate 
transmission path can be shifted, whereby the filter 
characteristic can be adjusted as in the case of the 
short-circuited ends. 

[0020] In the above embodiments, the filter character- 
istic may be sometimes degraded due to transmission 
of the parasitic slot line mode through the coplanar line 
4 constituting the subordinate transmission path. With 
reference to Figs. 7A and 7B, the configuration for sup- 
pressing the parasitic slot line mode as a seventh em- 
bodiment will be described. The conductor layers 2a dis- 
posed at both sides of the conductor layer 2b constitut- 
ing the signal conductor of the coplanar line 4 are con- 
nected together via a bonding wire 7. This allows sup- 
pression of the slot line mode due to nullifying the po- 
tential difference between the conductor layers 2a dis- 
posed at both sides of the conductor layer 2b. 
[0021] With reference to Rgs. 8A and 8B, an eighth 
embodiment of the present invention will be described 
in detail. Conductor layers 2a and 2c are formed on the 
top and bottom surfaces, respectively, of a dielectric 
substrate 1 such as made of ceramics, wherein the top 
conductor layer 2a and the bottom conductor layer 2c 
are connected together through via-holes 3a penetrat- 
ing the dielectric substrate 1 . The plurality of via-holes 
3a are arranged in at least two rows along the signal 
transfer direction, la order for the area surrounded by 
the top conductor layer 2a, bottom conductor layer 2c 
and via-holes 3a to configure a waveguide tube in a de- 
_ sired band, it is preferable that the spacing between:the._ 
via-holes 3a in the direction parallel to the signal transfer 
direction be equal to or less than 1 12 of the in-tube wave- 
length in the desired band. In addition, in order to suffi- 
ciently suppress the loss due to radiation from between 
the via-holes 3a, it is preferable that the spadng_be _ 



15 



20 



25 



30 



35 



AO 



45 



side thereof can be adjusted. The configuration wherein 
the coplanar line is used as the input/output line allows 
. integration of the filter with the planar circuit of a MMIC 
(monolithic microwave integrated circuit) etc., whereby 
flip-chip mounting generally used in a high frequency 
range can be employed. 

[0022] Since the most part of the electromagnetic 
wave is transmitted within the waveguide tube, it is ex- 
pected that the characteristics are scarcely changed 
even in the case of the flip-chip mounting. By applying 
an offset 6 with respect to a part of the conductor layer. 
2a constituting the input/output section except for the 
coupling portion to the outside, radiation from the end 
of the substrate can be reduced. By forming the copla- 
nar line 4 including the conductor layer 2a as the ground 
and the conductor layer 2b as the signal conductor on 
the surface of the dielectric substrate 1 so as to over- 
stride two resonators, a subordinate transmission path 
having short-circuited ends is formed, with the 
waveguide tube being the main transmission path. The 
subordinate transmission path provides effects similar 
to those of the first embodiment. The configuration of 
, the transmission path may be such as having open 
ends, or having an open end and a short-circuited end, 
as recited in connection with the second and third em- 
bodiments, or may be changed in the. number of trans- 
mission paths. 

[0023] Also in such a case, the characteristic of- the 
filter can be adjusted similarly to the case of configura- 
tion of the fifth embodiment (Rgs. 5A and 5B); however, 
flip-chip mounting can be used with ease due to the co- . 
planar line being an input/output section. Fig. 9 shows 
a ninth embodiment, wherein a filter having a configu- 
ration for adjusting the filtercharacteristic by using a flip- 
chip mounting technique is shown in a sectional view 
together with the mounting board. Upon flip-chip bond- 
ing the filter substrate, the conductor layer 2a and the 
conductor layer 2b are connected together via the 
bumps 1 1 and a conductor piece 1 0 which is formed on 
the flip-chip mounting board 9, whereby the short-circuit 
point of the transmission path having sort-circu rted ends 

... can-het adjustedJThis allows adjustment oLthe. fitter 

characteristic similarly to the case of the bonding wire 7. 
[0024] The slot line mode can be suppressed simi larry 
to the method of the seventh embodiment, and also by 
using a flip-chip mounting technique. Rg. 10 shows a 
.tenttL£mbodjmej& 



equal to or less than 1/4 of the irrtube wavelength. By tion for suppressing thesiot line mode by usingTfie flipT 



fomwg yia-ho]es_3b arranged ir^the sigrajjransfer dj- 
"reaidTrat spacihgs (1 1 712713 and Uyequ^ to~or b^dw 
n/26YthTFin-tub1Twavelel^ 
-holes -3b constitutes a-resonator^By-connecting-adja~ 
jyntjgspnatQrg^ett^yja^via-hojesgb constituting In- 



chip mounting technique is shown in sectional view tor 



s^getfief^^TKeTnMritng board. Upon mounting tfieTflteT" 
^sub^ae^pEpfip^pf^urffingTi 

Zadis po e od a t both si d ee- o f th o conductor- 
layer 2b are connected together via bumps 11 and a 



ductive windows, a dielectric baTjdB^-fnter'carrbe^ (^ductlve-p lec^O'WhlcTf fe'Torrried'gn t he"Tnounting7 

-co nfigured . By.cohfiguring the coplanad^^ 



^inputfolftput-lih^T^d'uang a coplanar-: waveguide^ 
conversion section 5 formed on thedielectric substrate- — 
; 1 , thgtwupljng factor of -the f ilt erwith respecttothex 



-{0625] — In the above descript i on, the l eng t h of-the-res- 



alQTt94h^rec ti o n- pa i^leHc^h8^sigrMl4rarisfer^ 
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direction is equal to or below 1/2 of the in-tube wave- 
length; however, the length may be an integral multiple 
of 1/2 of the in-tube wavelength. In addition, the subor- 
dinate transmission path is exemplified by a coplanar 
line;.however, a slot line may be used therein, for exam- 5 
pie. The filter having four stages is exemplified; howev- 
er, the number of stages may be increased or decreased 
therefrom to obtain desired characteristics. 
[0026] In the dielectric waveguide tube band-pass fil- 
ter, due to the planar line provided on the conductor *o 
plane disposed on the dielectric substrate, a subordi- 
nate transmission path is formed, with the waveguide 
tube being the main transmission path, and an attenu- 
ation pole is formed outside the band of the filter, where^ 
by the out-of-band suppression characteristic can be im- is 
proved. This allows reduction of the number of stages 
in the filter, thereby. achieving smaller dimensions. 
[0027] The planar line can be formed on the dielectric Claims 
waveguide tube with more ease compared to the case . 
of forming the same on the metallic waveguide tube. Ac- 20 
cordingly, the out-of-band suppression characteristic of 
the filter can be improved by the simple configuration. 
The reduction Of the number of stages in the filter allows 
improvement of the product yield. 

[0028] In a filter having a pseudo waveguide tube 25 
structure configured by the top conductor layer and the 
bottom conductor layer formed on the surfaces of the 
dielectric substrate, the structure wherein a planar line 
is provided on the conductor surface on the dielectric 
substrate, if employed, can form an attenuation pole out- 30 
side the band of the fitter to improve the out-of-band sup-, 
pression characteristic of the filter. 
[0029] A configuration wherein the planar line provid- 
ed on the dielectric substrate configures a secondary 
transmission path connecting the resonators together, 35 
if employed, can form an attenuation pole- outside the 
pass band of the filter to improve the out-of-band sup- 
pression characteristic. 

[0030] A configuration wherein coplanar line including 
two combined slots is used as the coplanar line formed 40 
on the dielectric substrate, if employed, concentrates 

the electric field on the slot to thereby improve the filter 

characteristic. 

[0031 ] A configuration wherein the ground conductors 
disposed on both sides of the signal conductor consti- 45 
tuting the co-planar line are connected together, if em- 
ployed, suppresses the slot, line mode which may. be 
"generatea'aslf higher-order modeof the coplanar liner ~ 



formed apart from the open end of a signal conductor, 
and the first conductor piece and said signal conductor 
are connected together via a second conductor piece 
for adjusting the filter, if employed, can adjust the posi- 
tion of the open end having the open end, thereby al- 
lowing adjustment of the filter characteristic. 
[0034] A conversion structure wherein the coplanar 
line is converted to a waveguide tube, if employed, pro- 
vides a filter capable of being flip-chip mounted. 
[0035] A configuration wherein conductors constitut- 
ing the coplanar line are connected together via bumps 
and a conductor piece which is formed on the flip-chip 
mounting board, if employed, provides a filter which al- 
lows both suppression of the slot line mode and adjust- 
ment of the characteristic thereof. 



1. A filter comprising a dielectric waveguide tube 
structure including a top conductor layer and a bot- 
tom conductor layer on the surfaces of a dielectric 
substrate, 

wherein the side wall of a waveguide tube and 
inductive windows are configured by conductors 
connecting said top conductor layer and said bot- 
tom conductor layer together, characterized In 
that: 

a planar line is configured on the surface of at 
least one of said top conductor layer and said 
bottom conductor layer. 

.2.' The filter according to claim 1 ; wherein: 

at least two via-hole arrays are formed each in- 
cluding via-holes arranged in a signal transfer 
direction at spacing equal to or below 1/2 of an 
in-tube wavelength in a desired band, each of 
said via-holes connecting together said top- 
conductor layer and said bottom conductor lay- 
-er disposed on-the-surfaces of said dielectric 



substrate; and 

said inductive windows, which couple together 
resonators in said waveguide tube configured 
by an area surrounded by said via-hole arrays, 
said top conductor- layer and said bottom con- 



whereby degradation of the fi lter characteristic due to 
the "sTbTiihe modecan be prevenfedT "~ 



ductor layer, ormed by said via-holes. 



[0032]=; A configuration wherein the conductors provi^ 
edon both sidesof-the-slotconstituting thecoplafiar-line- 
are connected togeth er via a c onductor piece for adjust- 



50 3. The filter according to claim 1 or 2, wherein: 



Jhg_the.fi lter,jf.employea,.can.adjust.the_pqsition.oQhe_ 



-said-planaHine-on-saicHnsulatof-substrate-is-- 
iformedorLsaid.top.conductorJayetor_saldbot-_ 



short^rcuit=end~of:t he^ne~ having^e^hortHarouited=g= 
%h<Js^othe"reby^djust*eiilteFcharacteTl 
-[0033] — A configuration^ereirratHeastone-endof -the- 



...tc<n.cx)nductorJayetso.asio_6veretride.at:least : l. 
arie^)f^id^'nducttve^Mnclowspand= 



corpianar lineiszan opefr^d fo^rs tTOmftteterplece'b 
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wherein said planar line formed on said dielectric 
substrate is a co-planar line configured by com- 
bined two slots formed along the transfer direction 
of a signal transferring in the waveguide tube. 

• 5 

5. The filter according to claim 4, Wherein ground con- 
ductors on both sides of a signal conductor config- 
uring said coplanar line are connected together via 
a conductor piece. 

w 

6. The filter according to any one of claims 1 to 5, 
wherein conductors on both sides of a slot config- 
uring said planar line are connected together via a 
conductor piece for adjusting said filer. 

15 

7. The filter according to claim 4 or 5, wherein: 

at least one of both ends of said co-planar line 
is an open end, and a first conductor piece is 
formed apart from said open end of a signal 20 
conductor; and 

said first conductor piece and said signal con- 
ductor are connected together via a second 
conductor piece for adjusting said filter. 

25 

8. The filter according to any one of claims 1 to 7, 
wherein said filter includes a coplanar line for input- 
tingVoutputting a signal, and a conversion structure 
for a coplanar waveguide tube. 

30 

9. The filter according to any one of claims 5 to 8, 
wherein said conductors configuring said planar 
line are connected together via a conductor piece 
formed on a flip-chip mounting board and bumps. 
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Fig. 1A 
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Fig. 2 
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